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PROBLEM TO BE SOLVED: To provide a semiconductor 
device and a method for manufacturing this device, in which a 
high output or a high frequency operation can be attained by 
making a substrate thin or forming a through-hole at the time of 
forming a GaN system semiconductor element on a hard and 
stable single-crystal substrate such as sapphire or SiC, or the 
operating voltage of the element can be reduced at the time of 
forming a GaN system light-emitting element on the substrate. 
SOLUTION: A GaN system semiconductor layer 2 is grown on 
the surface of a sapphire substrate 1 , a GaN system FET 3 is 
formed, a particle diameter is successively made small by using 
diamond polishing particle slurry, the substrate is made thin so 
as to be less than 100 \im by polishing the back face of the 
substrate, and a polishing distortion layer is removed by etching 
the back face with phosphoric acid liquid or the like. Next, the 
etching of the back face of the substrate is carried out with a 
similar etching liquid so that a through-hole 8 is formed, a GaN 
system semiconductor layer 2 at the bottom part of this through- 
hole is removed by etching with an RIE method, and an Au pad 
4 electrically connected with the source of the GaN system FET 
3 is exposed, and then an Au thick film connected through the 
through- hole with the Au pad is formed. 
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[0 03 1 ] COfWUCbOT. m^BlSSii. ix. 
«. *7r^7lS, ^t*JHfi. ^U-f-XtlA h& 
A v hVy AT;U5^-h (YAP) ttfi. S i Clfi 
Sci'-C&S. 

[0 032] S/c. ^©PIBJKtjUT. mtWh 1 I I 
- V fft fc£«MMItttt . ^^c<<t43Ga*Jj:0'N?:^ 

*^(CJ:0. S6KA1. I n*J«fcC?B*>6^S8f 
J:Djl«n/c-a«±©I I IS«7c^fcJ;i^/S/t«A 
s*jJ:CXP*^^SgfJ;») iS«nfc-®W±© V ^tc* 
*Sts. c©HtMl I I -V^b-^¥^(*©^(* 
e^?rt,»<07!r>^fS<!:. GaN, AlGaN. Gain 
N. A 1 Ga I nN^ci-C^S. 

[0033] coyzmK-ts^x. mm#mm.K. mx 
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. h7>^^ (FET) ft £<Dm+7&fm 

[0 03 4] _h^CDct ^(C«^§n/cCCD^BJCOm 1 CD 
*£ B 1iS&£WbT&<£5tebTt,>S<DT\ #g B B aIfi^ 

UT»{bSti/c#»a»«(Dfl6^r©iffl«r 150-45 
0 *C<DU&<D y >®£ fctt »J >^£5§^£ ^ri^^i-r 
*x?^>y«£flji>Tx?*>^sc£Cc«fcO % 5 

[003 5] ±»<D<fe 51cm&9tl1tCG>9im<Dm2<D 

WFEm^ y-^-r>^^d»>^©fi«* 20 
sums i i i -vjsft^»¥w»»j:K: 

tiMHftX I I I -V|^b^¥3#»©TEK&MS 
[003 6] ±a(D<fc5CC*J5S3ti^:C(DaWa)»3© 

awcccfcntf. *iSfi»R©ffi*©iffl* 150-45 
0 •ccDiaso v fctt y >i££S£ig<t u 

[0 03 7] ±^(Dcfc ; 5tC^$n/cCCD^(Dm4 0 

*tSfiS«<3!X6*©3Effi* 15 0-4 5 0°CcD&fi 
V >»*/ctt y >&<tS&®£ ?:M»tT^i * 
#WL*m C>T x ? ^ > £ C <L CC J: 0 7\£-;fr<D3Effl 
«cH*S#rMii^*»jffiriJ:5«:ur^ic<!:«:j: 

[0 03 8 ] 

THB*#JHLtt#&»WTS. fcte, fgtUftB<D£BI 50 
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ir. 

[0 03 9] 06-01 OttCO^omoXHM 
KJ;£G a N.^F E T<D«ja»a=«:7*-J\ 

[0040] c©*i©sauK»cc*jiiT«. s?\ m 

¥3«#12 2*J&E3#TC<DGaNJ6¥*f*»2 2*C 
GaN3RFET2 3*JBJSSTS. CCt, 1f77-{7l 
fi2 1d!)SSttmtffi4 0 0Mm, GaNS^ftl 
2 2©ff3tt0»;U#fa4 /iffi-C*^ e CCDGaN 
*F ET2 3ffl©^MiB»te<t^^ K*«flfr4. # 
f24»GaNSFET2 3 <b«aWfC«»S 
hfcAu^FtSI". *«C, C(0AuA>K2 4*a 
5<fc5{CGaN**a»*J12 2±Ccm«S i O, J^(D 

£5&jimjfiik0t2 5**jarr*. 3c«c, cosiai&tt 

Ht2 5±«c«BB«2 6*JBjara. C®SSl2 6ib 
r« % 09*. WOTS 1 0 /zm(DB»^'J 5 KJBiffl 
t>&„ #MC, C©gSl2 6±(CSiIfi2 7 4tt l 
G!«flt2 6±j£#'r*. CCDS iX«2 7©JSS«:0!tf. 
Hfi2 5 0 Mmt»5. CC^ C©SilS2 7tt 

*©*BS±bfc0, C<Dtf? r ^7Sfi2 1 <DflK0»l> 

7±{C7^X28*^t7 v b'>^12 9^g 

0-4 0 Mm<D#>f RSfi*>6tt£OT«t**$t* 
^j^5&&9F^4HC:bl>T1f 7 7^7lt2 1 CD 

l©*S*s«*a»2 0 0 /zmK:*0/c6K 

OC. 0»*.«fi[@5-l 2/zm©^>f+ j e>F5BI43^6ft 

^7lfi2 KDjIffiCD^y bT>^«rfT 5„ C©7 -;f> 
mW77>(7iS2 l©I3m«fil 00m 
m(Cfco/t6, 7ve>y*»7tS. C(DJ:^tcu 
07^^r<fc5«:. t77^7l«2 1*«100 

[0 04 2] #MC % _b&<B<fc #Jl 0 0 Mm 

TKcj^3ftfcy>» <h, po, ) /»k (h, so 

-H30±te, W-UKOPtggSltcH, P 
Q 4 : H, SQ 4 = 1 : 1 (DH, PQ 4 /H, SQ 4 £ 
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6 ft £ x * > 3 2 ZAtitc i><DZMi*Z>o 
6frG*X9*>yfiffifcMfcOT;b<. ^CCC. 

p ts§3 i<Dm&£*)'j>L'b2<. ftmtyyrJT 

C(D<h£> «±L*3 3(D±»U^>y«3 2 ©iff 

Ht % H 3 PO« /H 2 SO, ^^£>&&x-;,eP>y 
S3 2 3&J? > ©*»(DaS«*|»0*'rH3 PO, (DfflJS*— 

C©«£L»3 3©±«C±ifi©1f:7y^r»R2 1 

**<3W*B8ftw*£ 3<Drtja»ccmtts j: *>kis 

[0 044] 0 9K^TJ:5Ot x Au^? K2 4 

j£0/cf£, f (D±^^«f $ 2 0 n m(DC r ifcj:^ 

&Ci&*-r& e CCDJcSlcUT, Cr/Pt»6^x 
•^>y7X^34«$n^o ^{C, C(DX^> 
^vX^3 4 4fflCit, t^7^7lfi2 l<DKffi£, 
±a<fcH«CC. m«2 8 5TOH, PO, /H, SO 
4 iS^«^6tt4x^^>^»k«iLtffi3«FHi«U, 
C<DV-V r JTm&2 1*, GaN^i#12 2^g 

m-r**r«R«ccx^^>yr*. cntcctot, 

^7^7IS2 lK»iI^3 5jWgj3E3ftS. 
[0 045]^, CW7 7^7lS2 14^M 
l/cRIEgl«:iAU maci, #*£x-,^> 

C©f77>f7lf2 1>&vX^<!:Ut, GaNS 
^fl*2 2*HKWK:x**>^rS. C<D<t£CDx 
-^>yjlttttm«l!)l 0/im/h rit^Ci^r 

GaN3R¥3lftJ12 2(D«S3W±a(D«fc5CC»4 *£ 
mt^Sini, tt2 5»effi-CGaN»#»#JB2 
2*x**>ygfc£U Au^"? F2 4S:gffl3l±£C 

[0046] ^CCC, SI OtC^fJ^CC, WO\ mtf 
X2Sa»ttCCJ:om««l»2 OnmODCrlfe^ 
*«Blff5 Mm(DAuJB*JIKXJgflEl/rC r/Aul3 
6£J&£t,fe£L C©Cr/Aug3 6±tcm««)-5 
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9W2 6*s««Siiri!teferi. 

[0 04 7] aiOIlT, #U 0 0 Mm©/li*K:«<fc 
^nW77^7SS2 1±W^tl, S6CC % CCD 

if7 7 ^7iS2 i ic&i&$tii£mmK3 s&mtxv 

AuI37 WIMKpCCttlK Sn/cG a F E T 2 3 ** 

[0 048] £t±<D <fc 9 te x C<D# 1 <DHffiJKSI«:<fcn 
t7 7 ^7lt 1 ©iitCG a N^fti 2 2 * 
10 ffiS^f t G a F E T 2 3 ^Mim W r 4 
71SKDSI*, i-T. mg»<bl/Ct4S2 0-4 

*JBl>T 2 0 0 ^mflgGDif yt'lstfL. JK 

(rC x m2&fg±LX, S15-12/im(?)^n>K 

1/-7 7«f 7li 21^100/i m<DJ¥£ CcWft-T * C 

2 1CDaa^H 3 PO, /H 2 SO, iB^S3^6tt4x 
*^>y»*ffli>TX9^>yuri>sc£CcJ:g % y 

^•>^Kt7 7 >f7lg2 l<DgfflKl£D&Sl 

WL2 i<omktc&*). b-hv>^iur»<Aui3 

7^a«ftjactfe3&sS»iCfftotiSCi^6 % GaNJfiFE 

T2 3(z>sR±#^ecca«]sti4. cote*, 

Cim 4 GaN*FET2 3©KJH««l*tt*ilSttl* 
30 B$$r*J#^£C<fc**-C#4. Sfc, Ga N^F ET 2 

k * w & -7 a v i> - > a > © pp$y mmmm 2 5 ©^ 

3 Ify r ^TS«2 KDKffiKKlTtS 5 
&&tiZUs CCDMM/C3 5 ^IDtAu^' ^ K 2 4CC A 
utt3 7*««WtC«jttL/-C^5CiCCj:D. V-X-f 

OBttffiCOG a F E T 2 3 ^rH^-r^ C i^r # 
40 ^ 0 Ctl^CftIx.T, GaN*FET2 3<MaSLL#W*: 
e«c«*P3n*CiCCj:0. 1t^T^TSS2 1 ±CC» 
«g«CGaN»FET23 4 JBJSST 4 C t ^ pffig t fj: 
0, ^tlCCcfcoT^^^^Ui^fCDit^S^Ci^-C^ 
£«, 

[0 049]^, C<D&W<Dm2<DmmB1£<rCJ:2>G 
aN«FET©teftj?rtt«CO^T8Wi , *'S. 
[0 05 0] C©»2<DHJBBa8«c*5(r»TB k ^ 

^2 0 0/im$-C^{t;-r'So 

50 [0051] ;^cc, mi i«c^rj:9cc % c<D?g{b?n 
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tcV-yy JTm&2 KDgffitt, WxtfCO, tnt 
J:^S10. 6 Mm^^;vx *f t-A3 7 £ff§fj 

r« t 5fcHttJ;ftl50W, ^I/X»I2 0 0m 

s, t*-Ai^l0 0ymO^fflM e 

C©'W*U-1f tT-A3 9^Aua*.; K2 4©« 

-frSg2 lCDSffiiCfe^^ittS^l 0 0 Mm. g£3 
$)1 0 0 Mm(D?v:3 8 4ffiW5C<b^t*J. 
(0 05 21 XK, ±SfiiBI«a*ffiCCJ:^r, H 3 P 

0 4 /H 2 SO, S-^S[*>63tcSxy^>y«*ffll^'r 
*7 r A TSS 2 1 <Dgffi£^.* t> U*r&gJRx ^ 

Jg^KGaN2M£9f*B2 2*SKtfrrs. £<D<h£, y 

**>^3ft*C<!:$C<fc9, 1f^r^r»S2 1CDSS 
CCfcWSS^3 5©fiS«^fflCC^?tl/c^:3 8© 

SSL*: ft 4. UcASt, cox^>yo 

CCKWU/cGaN^^H2 2 iBfaoSSCCTSC 

<ta*-c££ e ccofft, ±aira«ccur % ccr>mii7v:3 

5©jK»«:n^tt«:ataLteGaN3R#»f«B2 2£B& 
3 6fc<fctfAuJB3 7*J&iRU GaN»FET23<0 

^r*«2 i^©»a^3 5©*jaac«fc iKjatt. n 

m^<DlStttl(DG a NIFET23 £^Tf S C 4#r 

— IfteSCH (Separate Confinement Heterostr 
ucture) *t@£W3~&&<D"C&& 0 
[005 5] HI 3Kl7nTJ:9tt:, COGaNS*»fl: 
!f«C*Jt»rtt, cffit^r -/7S«5 1±K, Ga 
N^?7 7 I52, nMGaN:a>£^ hB53, n§2 
A 1 GaN^7? KB 5 4 , nSSGa Njfe3l«ai5 5 % 
Ga t ., In, N/Ga^In, N^fia^#F$i§ 
©r§ttB5 6, p§*GaN:ftH£&B5 7, p^AlGa 
N£^* F158^piGaN3>^^ hB5 9# 
IBXSBjnt^So tUt, piGaN3>^^H 

5 9±K* h7^R(D«itfN i /Auig^/ctt 
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N i /P t/Au»fiOpBfJ«ffi6 0 3^*-5 * *=i> 

«a»fcW4cB*7T-f7W5 1 CCJK»*6 1 
#l£#6ft, CC0fii^6 l*iDtnSGaN3>$ 
^M53 * ^3>^^Htm«T i/A 

l4W©nfflmtt6 2JPRtt5ftTl»&. CCt, CCD 

&6 00)SV^A(c9IIIIKK:K»r«>J:i)U 09* « 

io jsi^xy * Ktt<Dfc©<tOTfc±i>u c ft 

[0 0 5 6]*{c, ±as©<fc5«c^$ftfct©»3© 

[0 0 5 7 ] C(DGaN»*a»f*U— !f*SBS-r*«: 
tt, *-f\ cit7 7 ^7lS5 lKcMOCVDSk: 

gStffcfft. 3l#«(r»rMOCVDffiCC«t0, CCDGa 
NA-;7 7 I5 2±«:nSGaN3>^^H5 3, n 
20 MA lGaN^7*; KB 5 4 , nMGaN*#igl5 
5, Gat., In, N/Ga^ y I n v N^fiS^#F 

«Bt<wsttB5 6, p&GaNjtanuis7. p^ai 

GaN^7«> KB 5 8fcJ:^plGaN3>^^ hB5 
9*JEJCJ5£fi3l*4. CCT\ I n***ttWtr*S 
niGaN3>^^M53 t nIAlGaN^7>F 
154, niGaN*««15 5 t pSGaNjfcSKftB 
57, piAlGaN^7-;F15 8Wi^pSGaN 
^>^^ H5 9(D^SMJ 1 0 0 Otgg, In* 
ttPltASGa!-, In, N/Ga,., In, N^fi 
30 S^#Ffif j&(Di£tfcB 5 6 (DJSfifigte 7 0 0-800 

•c<?:-r£ 0 cft6oafk»*i i i -vwb«**»» 

BOflJfiJWftW:* I I IJ^jRr*4Ga©IH 

StLttthyy^WJW (TMGa) *. I I I 
$ot3|-c£>&a l coj[Sif4ior« h y^^;i/7J^-') 
A(TMA1)^ I I I tfcjcM~C$>Z> I n<DM1&£ l> 
ttth'J^?-;W>>>-?A (TMIn)i, VJSotJTC 
*^NOfif4(i:Lt«7>^7 (NH 3 ) 
*fc, +t';7^iUm 09*«* *3R (H a ) i 

(n, ) ±<Dm&tfx*m\<>z. K-^>Ktc-9i» 

40 r«. niF->'OFiUtlJm^y5/7> (S i 
H« > pS F-a*> F i l/t«m«^X - ^ 
;>^a^>^yi^vn^-)A*lt^ 0 CCDS, 
pfl, -T^t)^, pSGaN»15 7, pIAl 
GaN^7? KB 5 8fe<i:^p^Ga Na>^^ hB5 

9^ K-^3ftfcpsa^»©a^?stt^t©/c»©}» 

*Jl>T8 0 0THM©HKT*t9. 
[0 05 8] K*7ffia<fc*CCJ:0pSa 
GaN:s>£* hB5 9±(Cpffl!jaffi6 0*JBSt-J-4. 
50 [0 05 9 ] ^K, Iff 1 */c«^2<DHJ6^JS<!:|5j«^ 
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-/Tings izsmmfrt>miR(ftt l cm : £vxnmft6 1 

GaN^-;7 7 152 ?rT^* 'J ?g?K& i'tc<fc 9 i v * 

[006 0] c mv-y r ■< rags i (omm^m 

(Cjt&Kft&tt i'fc: J: 9 T i /A 1 Jg£fl2/&LT n<un 

[oo6i] c ©a, ±&© j: 5 tc it u — >mmt>w io 

[0 0 6 2 ] fcLh©«fc5tc, c©^3©Hffijf$SlK:J:ti 

— y wmtmic p fflims 6 o is <fc o*n ffjjm^ 6 2 ra«:*a 20 

f Si£©iIS8©fi3 ii. niGa N:a>£7 hJ!5 3. 
nIAlGaN^77KI54, nMGaN^jgJ15 
5, f£ttJ15 6. P lGaNfIiS157, pSAlG 
aN?75 FS5 8*sJ;CJ f pSGaN=J>^^ HJ15 9 

tf(ctb-<-r«o£3iSS©SS «ffi«>r3s< fc s 0 c ©ft: 
est). ^©#fc'W G a NX¥&f* U -If ©ttff SEE©(Bil£ 

[0 06 3] g/c. JKDGaNM^U-ftt, Ga 
As^mWU— tf^i-iPim. S«©£tSffliJ&Cpffirj 30 
SgSrlSW- . S«©SffiffiiJtc n WSffi^iSW/cfitJi-?* 
&/c«>. Ga A sm¥i£&V--y , <Dffi.?f-5LXlcm^2>%i 

SlgSrffl^TS^^fct,*. C©fctf>. *©M«Ga 
N3M|£*<*U— tf©^3X l-©{gj££0&C<!:#-Ci* 
-5. 

[0064] fcLk. c©%H^cDj|iij|$!?i«:our^w 
& h <ox « & < . c o^o&ffiftaffitcs-? < &a© 

^^oJ^-CSj-S., 40 
[0 06 5] m«. ±l©f 1. ^2*J<fc^3©H 

z&m. tm. mm, yu^xt £ ^^m^xh^i.K 
[006 6] ±i£©gi 1 ©Hjfej&zgtcfc^-rtt. 
7? e>y*tf9 Bute If 7 r-(T«« 2 l©^Hffiij£S 
iSS2 7iifUtl,^*!. C©S iSS2 

icm ox z>ct i>ajt&x$> -s. 

[006 7] $/<:. ±j£©|&3 ©SttfeJg/SltCfc^Ttt. 
C©^=£SCH«ji©GaN^^ttU— tfJCJUflb 50 
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fciS^tCOOiriftWb/c*^ C©^BJ«. DH (Double 
Heterostructure) M©Ga N3M£#tfcU — tf©(J 

[0068] 

[^©^6S] ULh^U/cJr^Jc. c©IB9i<D»l © 
^Bjicjrntf. -^WTg&^S i Clfifti*©! 
<. <b^W{Cfe3c5£&mfeSa«±{c^bigj^I I I- 

©WttCiO. i«tH;fr{b£0SG<!:#T?i*.2>„ 
[0 06 9] £tc. C©^©^2©^cc<tn« v -9- 
7r-/7iS^S i C»«^i'©H< . {b^ffJJCfcSJE 

tt#£AS«±fcttft:«ffi i i i -vwat&mm#* 

nm?&mcx<o&*ictt?h&imm$&K.&*) . 
**FET-c*4t§£\ v-^-r>^i?^>^©{SM=&0 

[0 070] ifc, C©#£BJl©|fi3©#£l£$ft:«lfl4© 
ffeBJlfCJctttf, r -f7»S i C»«tt£©H 
<, itT»K<>$?gtt«BiWI«±KMfc1!l*I I I- 
VSft^)^Mffll*^4MU C©#feS» 

[SM©{S^^ciSiHj] 

[01] C©«W*KWJ-*fc»©»ffflHtr*4. 

[02] c©BW*sttwrsfc»©»rffi!a-r«)4. 

[03] C©^?8%|tt^-rS/tit>©»rffi0-C«)-S. 
[04] ^©^B^ijiBjf ■5fc«)©»fffi0-C«>.S < , 

[0 5 ] ?y r -(T©^e^©jattfe??tt*m-rBs^ 

0-C&S. 

[06] C©^©01©|QSJf^{Cj:^GaN^FE 
T©l?^^*giHj-r ^/ci!>©»rM0-C* S„ 

[07] C©^©^i©|yg}f^{cJ;-5GaN^FE 
T©S^^a=&UiHj-r Sfc6©tRIIiIt?* S . 

[08] C©l%W©Ml©SQfiJKSg{C«fc4GaNSFE 

[09] COmWOm l©5US^«c«fc^GaN^FE 
T ©iS^^ffi^ift^ f S /c«)©KfM0-C* S „ 

[010] C©^?gcD^i ©HJfe^KJc-SGa N^F 
E T©S3^*S*SiB^-r^fc«)©»fS0-C-*5 o 

[011] C©^©02©^«S^g|«:<tSGaN^F 
E T©15{jS^a?:SttBJ-r fc*©KB50-C* S„ 

[012] C©^Bj©^2©HSS?gSi«:J:SGaNiKF 
E T©^^=Sr!{iBJ-r «.fcJ?>©Kffi0-C*-5. 

[ 0 1 3 ] C ©^ig©^ 3 wmSSmK. Ja i G a NX* 
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[014] i&£<DG sl N**3l»U-1f*7S-r»rSBH'r 
[f?-sfogyjl» 

L 21-" If^T^raS. 2, 22 • • • G a N 
S^Sftll, 4 % 2 4 - • • A u sr K % 5 % 2 5- • 
L 6. 34— •x^>^7Xi' 1 7, 



2 6 



8. 3 5, 6 1 
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*37 • • • ^^l/^U-lfb'-A, 10. 38- • • 7\ v 
5 1 • • ■ c®1f7WTSg, 5 3 • • • nIGaN 
=i>** hJl, 5 4 • * • niA 1 GaN^^sr FH, 
5 5 • • • niGaNjfeiSi, 5 6 • • • i§£feB, 5 
7 • • • pSGaNMSI, 5 8 • • • piA 1 Ga 
NZ^y KB, 59 • • • pSGaN^>^^H 4 6 
0 • • • pffiijm®, 62 • • • nfffl^g 
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